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Ll: Entry 3 of 3 File: USPT May 16, 2000 

US -PAT -NO: 6063611 

DOCUMENT- IDENTIFIER: US 6063611 A 

TITLE: Alkaline cellulase and method of producing same 
DATE-ISSUED: May 16, 2000 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Van Solingen; Pieter Naaldwijk NL 

US -CL- CURRENT: 435/209; 162/10, 435/263, 435/277, 435/278, 435 / 320.1 , 510/300, 
510/320, 514/44 

CLAIMS : 

I claim: 

1. A cellulase composition obtainable from Bacillus sp. CBS 669.93 wherein said cellulase 
composition differs from the composition produced by wild type Bacillus sp. CBS 669.93. 

2. A cellulase composition which comprises an amino acid sequence having a sequence identity of 
at least 80% to SEQ ID NO:l, wherein the sequence identity is determined according to TFASTA, 
as described in Pearson & Lipman, Proc. Nat'l Acad. Sci. USA 85:2444 (1988); and wherein said 
cellulase composition differs from the composition produced by wild type Bacillus sp. CBS 
669.93. 

3. The composition according to claim 2, wherein said cellulase has a sequence identity of at least 
90% to SEQ. ID NO. 1. 

4. A composition comprising DNA which encodes an amino acid sequence according to claim 2 
or 3. 

5. An expression vector comprising the DNA composition of claim 4. 

6. A method of expressing a cellulase comprising: 

(a) transforming a suitable microorganism with DNA encoding an amino acid sequence according 
to claim 2 or 3; 

(b) preparing a fermentation broth containing said suitable microorganism under conditions 
suitable for expression of said DNA; 
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DOCUMENT- IDENTIFIER: US 5817490 A 

** See image for Certificate of Correction ** 

TITLE: Enzymatic process for the manufacture of ascorbic acid 2 -keto-L-gulonic acid 
and esters of 2 -keto-L-gulonic acid 

DATE-ISSUED: October 6, 1998 

INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Hubbs; John Clark Kingsport TN 

US -CL- CURRENT: 435/137; 435/195, 435/197, 435/219, 435 / 252 .3 , 435/836, 435/847, 
435/913, 435/921, 435/933, 536 / 23 .2 



What is claimed is: 

1 . A process for preparing ascorbic acid comprising contacting a compound selected from the 
group consisting of 2-keto-L-gulonic acid and an ester of 2-keto-L-gulonic acid with a hydrolase 
enzyme catalyst to form ascorbic acid. 

2. The process of claim 1 wherein the hydrolase enzyme catalyst is selected from the group 
consisting of a protease, an esterase, a lipase and an amidase. 

3. The process of claim 2 wherein the protease is obtained from a genera selected from the group 
consisting of Bacillus or Aspergillus. 

4. The process of claim 3 wherein the protease is obtained from a Bacillus licheniformis bacteria. 

5. The process of claim 4 wherein the protease is the Subtilisin protease having the sequence as 
shown in SEQIDNO: 1. 

6. The process of claim 2 wherein the esterase is obtained from pig liver extract. 

7. The process of claim 6 wherein the esterase is the pig liver esterase having the sequence as 
shown in SEQ ID NO: 2. 

8. The process of claim 2 wherein the lipase is obtained from a genera selected from the group 
consisting of Aspergillus, Mucor, Candida, Pseudomonas, Humicola, Rhizopus, 
Chromobacterium, Alcaligenes, Geotricum and Penicillium. 



CLAIMS : 
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9. The process of claim 8 wherein the lipase is the Candida Antartica B lipase having the sequence 
as shown in SEQ ID NO: 3. 

10. The process of claim 2 wherein the amidase is obtained from a genus Penicillium. 

11. The process of claim 10 wherein the amidase is the Penicillin acylase. 

12. The process of claim 1 wherein the hydrolase enzyme catalyst contains an active site serine 
residue. 

13. The process of claim 12 wherein the hydrolase enzyme catalyst contains a catalytic triad of 
serine, histidine and aspartic acid. 

14. The process of claim 1 wherein, prior to contacting the compound with the hydrolase enzyme 
catalyst, the compound is formed into a solution with a solvent. 

15. The process of claim 14 wherein the solvent is selected from the group consisting of water, a 
C.sub.l to C.sub.6 alcohol and a mixture thereof. 

16. The process of claim 1 wherein contacting the compound with the hydrolase enzyme catalyst 
occurs at a pH between about 1.5 and 10. 

17. The process of claim 1 wherein contacting the compound with the hydrolase enzyme catalyst 
occurs at a temperature from about 5. degree. C. to about 120.degree. C. 

18. The process of claim 1 wherein, prior to contacting the compound with the hydrolase enzyme 
catalyst, the hydrolase enzyme catalyst is naturally expressed from a host organism in vivo. 

19. The process of claim 1 wherein, prior to contacting the compound with the hydrolase enzyme 
catalyst, a gene sequence encoding the hydrolase enzyme catalyst is inserted into a host organism 
and the host organism is cultured to express the hydrolase enzyme catalyst in vivo. 

20. The process of claim 19 wherein the host organism is Pantoea citrea. 

21. The process of claim 18 or claim 19 wherein the host organism produces 2-keto-L-gulonic 
acid. 
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L8: Entry 1 of 1 File: PGPB Nov 28, 2002 



DOCUMENT- IDENTIFIER: US 20020177202 Al 

TITLE: Feedback-resistant pyruvate carboxylase gene from corynebacterium 



CLAIMS : 

1. An isolated or purified nucleic acid molecule comprising a nucleotide sequence 
which codes for a pyruvate carboxylase enzyme of SEQ ID NO: 19, wherein said 
pyruvate carboxylase enzyme contains at least one mutation which desensitizes said 
pyruvate carboxylase enzyme to feedback inhibition by aspartic acid selected from 
the group consisting of: a) methionine at position 1 is replaced with a valine, b) 
glutamic acid at position 153 is replaced with an aspartic acid, c) alanine at 
position 182 is replaced with a serine, d) alanine at position 206 is replaced with 
a serine, e) histidine at position 227 is replaced with an arginine, f) alanine at 
position 452 is replaced with a glycine, and g) aspartic acid at position 1120 is 
replaced with a glutamic acid . 
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TITLE: Alkaline cellulase variants 
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INVENTOR- INFORMATION : 
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ASSIGNEE - INFORMATION : 
NAME 

KAO CORPORATION 



CITY 
Tokyo 



STATE 



COUNTRY 
JP 



TYPE CODE 
03 



APPL-NO: 10/ 383630 [PALM] 
DATE FILED: March 10, 2003 



FOREIGN-APPL-PRIORITY-DATA: 

COUNTRY APPL-NO DOC -ID 

JP 2002-089531 2002 JP-2002-089531 

JP 2003-013840 2003 JP-2003 -013 840 



APPL-DATE 
March 27, 2002 
January 22, 2003 



INT-CL: [07] Cll D 3/386, C07 H 21/04, C12 N 9/42, C12 P 21/02!, C12 N 1/21, C12 N 
15/74 

US -CL- PUBLISHED: 510/226/ 510/320, 435/69.1, 435/252.3, 435/320.1, 435/209, 
536/23.2 

US -CL- CURRENT: 510/226; 435/209, 435 / 252.3 , 435 / 320.1 , 435 / 69.1 , 510/320, 536 / 23.2 
REPRESENTATIVE-FIGURES: NONE 



ABSTRACT : 



Provided in the present invention are an alkaline cellulase variant obtained by 
using a cellulase having an amino acid sequence exhibiting at least 90% homology 
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with the amino acid sequence represented by SEQ. ID NO:l and substituting the amino 
acid residue of the cellullase at (a) position 10, (b) position 16, (c) position 
22, (d) position 33, (e) position 39, (f) position 76, (g) position 109, (h) 
position 242, (i) position 263, (j) position 308, (k) position 462, (1) position 
466, (m) position 468, (n) position 552, (o) position 564, or (p) position 608 in 
SEQ . ID NO:l, or at a position corresponding thereto with another amino acid 
residue; a gene encoding the variant; a vector containing the gene; a transformant 
containing the vector; and a detergent composition containing the alkaline 
cellulase variant. 

The present invention makes it possible to provide an alkaline cellulase which acts 
favorably in an alkaline range, and can be mass produced easily because it has a 
high secretion capacity or enhanced specific activity. 
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=> s Serine 227 with Histidine 200 with Glutamate 139 with Bacillus cellulase 103 
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CELLULASE 103 
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CELLULASE 
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L3 ANSWER 1 OF 1 BIOTECHDS COPYRIGHT 2004 THOMSON DERWENT/ ISI on STN 
ACCESSION NUMBER: 2003-02482 BIOTECHDS 

TITLE: Producing a modified target enzyme with altered performance 

profile, by analyzing an enzyme to identify regions for 
modification, modifying them to introduce catalytic triad of 
cellulase 103, nd selecting modified enzyme; 

vector plasmid pCORE3 -mediated gene transfer and 
expression in host cell for use in altered performance 
profile 
AUTHOR: SHAW A 

PATENT ASSIGNEE: GENENCOR INT INC 
PATENT INFO: WO 2002064738 22 Aug 2002 

APPLICATION INFO: WO 2 002-US334 7 4 Feb 2 002 

PRIORITY INFO: US 2001-268347 12 Feb 2001; US 2001-268347 12 Feb 2001 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: WPI : 2002-657589 [70] 

AB DERWENT ABSTRACT: 

NOVELTY - Producing (M) a modified target enzyme with an altered 
performance profile (PP) , by analyzing a target enzyme (I) to identify 
one or more regions or amino acid residues (R) in (I) for modification, 
modifying (R) to introduce a catalytic triad of cellulase 103 comprising 
residues Ser227, His200 and a proton donor, in (I) , and selecting a 
modified (I) having altered PP as compared to (I) , is new. 

DETAILED DESCRIPTION - Producing (M) a modified target enzyme with 
an altered performance profile (PP) involves providing (I), analyzing (I) 
to identify (R) in (I) for modification, modifying (R) so as to introduce 



a catalytic triad in the target enzyme, and selecting a modified target 
enzyme having an altered performance profile as compared to (I) . The 
catalytic triad (CT) includes a first member comprising an amino acid 
residue or chemical group which acts as a proton donor (equivalent to 
Glul239in Bacillus cellulase 103 sequence 
(SI) ) , a second member which is equivalent to histidine 
200 in the sequence of Bacillus cellulase 

103 (sequence (SI) comprising 467 amino acids fully defined in 
the specification) , and a third member which is an equivalent to 
serine 227 in the sequence of Bacillus 
cellulase 103 or a water molecule which functions in 

acid/base catalysis. Alternatively, the method involves providing (I), 
analyzing (I) to identify (R) for modification so as to introduce a CT, 
genetically modifying a DNA encoding (R) so as to create a library of 
modified (I) having mutations, and selecting a modified (I) from the 
library having an altered performing profile as compared to (I) . 
INDEPENDENT CLAIMS are also included for the following: (1) a library of 
modified target enzymes produced by (M) ; (2) an isolated target enzyme 
(la) comprising a polypeptide genetically modified to comprise CT; (3) a 
nucleic acid molecule (II) comprising a DNA encoding (la) ; (4) a vector 
(III) comprising (II); (5) a host cell (IV) comprising (III); (6) making 
(la) ; (7) a modified target enzyme produced by the method of (6) ; (8) a 
detergent comprising (la) ; and (9) a composition comprising (la) and a 
carrier. 

BIOTECHNOLOGY - Preparation: (la) is obtained by culturing (IV) (a 
prokaryotic cell) transformed with a replicable expression vector 
comprising the DNA encoding a modified target enzyme and operably linked 
to a control sequence capable of effecting expression of the modified 
target enzyme in the host cell, and recovering and/or purifying the 
expressed modified target enzyme (claimed) . Preferred Method: The first 
and second and third members of CT includes amino acid residues 
equivalent to Glnl39, His200 and Ser227, respectively, in the sequence of 
Bacillus cellulase 103 (SI) . The first member 

of CT is preferably Glu or Asp, and third member is Ser, Thr or Asp. (I) 
is a cellulase or hydrolase. The altered performance profile is altered 
pH profile, where (I) has an acidic pH profile and the modified (I) has 
an alkaline pH profile. (M) further involves providing DNA encoding the 
selected modified target enzyme in a vector, and expressing the DNA so as 
to produce the selected modified target enzyme. 

USE - (M) is useful for producing a modified target enzyme having an 
altered performance profile (claimed) . 

ADVANTAGE - The modified target enzyme having the catalytic triad 
efficiently hydrolyses cellulase under alkaline conditions. 

EXAMPLE - To analyze the sequence and structure of cellulase 103, an 
EcoRI-Xbal restriction enzyme fragment from pUCAPRI03 containing the 
complete BCE103 coding sequence was ligated into EcoRI-Xbal digested 
pBS42T vector to generate pBS4ST103. BCE103 had two repeated C-terminal 
cellulase binding domains. A plasmid encoding the BCE103 catalytic core 
was generated from pBS42T103 by inverse polymerase chain reaction (PCR) 
using the primers TAAACTATATAATTGATAAAAATTTACTAATGAGA and 
TGGCGGAATAGATGCTGATTCTCTTATTTTTTCCCto generate the plasmid pC0RE3 . The 
protein sequence encoded by pCORE3 comprised 308 amino acids fully 
defined in the specification. pC0RE3 was transformed into Bacillus 
subtilis BG3934. The secreted BCE103 catalytic core sequence was then 
recovered from B. subtilis cultures. The catalytic core sequence of 
cellulase 103 was crystallized in 0.5-1. 0M ammonium sulfate in 200mM 
sodium cacodylate pH 5.5-7.0. Reflections were recorded with a R-axis II 
image plate utilizing CuKalpha radiation from RU200B rotating anode, and 
reduced to structure factor amplitudes using programs distributed with 
the data collection system. Data were scaled together, and difference 
Patterson and difference Fourier maps were calculated using Xtalview. The 
heavy atom positions of 5 derivatives were determined by inspection of 
difference Patterson maps and placed in a common co-ordinate frame using 
derivative anomalous scattering. Subsequent maximum likelihood heavy-atom 
refinement and phasing was performed with SHARP, and the resultant phases 



improved further by solvent flipping in SOLOMON . The resultant electron 
density maps were of excellent quality, and unambiguous chain trace was 
obtained with Xautofit and refined using Xplor3 . 1 . Water molecules were 
added using Xsolvate. The acid/base catalyst in cellulase 103 was 
postulated to be glutamate 139 and the nucleophile to 
be glutamate 228. The two carboxylate groups were approximately 5.0 
Angstrom apart, which was consistent with an enzyme hydrolyzing the 
beta-1, 4-glycosidic bond through a double displacement mechanism, with a 
glucosyl enzyme intermediate, which retained the anomeric configuration 
in the product. Adjacent to glutamate 13 9, was 
histidine 200, between which there was a short 1.63 
Angstrom hydrogen bond. Also in close proximity to histidine 
200, was serine 227, with a hydrogen bond of 

2.77 Angstrom. The three hydrogen -bonded residues, Glul39, His200 and 
Ser227 were identified as a functioning catalytic triad in cellulase 103. 
(47 pages) 
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DOCUMENT NUMBER: PubMed ID: 11986309 

TITLE: Isolation of cyanophyc in-degrading bacteria, cloning and 

characterization of an extracellular cyanophyc inase gene 
(cphE) from Pseudomonas anguilliseptica strain BI . The cphE 
gene from P. anguilliseptica BI encodes a 
cyanophyc inhydroly zing enzyme. 

Obst Martin; Oppermann-Sanio Fred Bernd; Luftmann Heinrich; 
Steinbuchel Alexander 

Institut fur Mikrobiologie, Westfalische 
Wilhelms-Universitat Munster, Corrensstrasse 3, Germany. 
Journal of biological chemistry, (2002 Jul 12) 277 (28) 
25096-105. 

Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 

GENBANK-AF43 9803 ; GENBANK- AY0 65671 
200208 

Entered STN: 20020709 
Last Updated on STN: 20030105 
Entered Medline: 20020812 
Eleven bacteria capable of utilizing cyanophycin (cyanophycin granule 
polypeptide (CGP) ) as a carbon source for growth were isolated. One 
isolate was taxonomically affiliated as Pseudomonas anguilliseptica strain 
BI, and the extracellular cyanophyc inase (CphE) was studied because 
utilization of cyanophycin as a carbon source and extracellular 
cyanophycinases were hitherto not described. CphE was detected in 
supernatants of CGP cultures and purified from a corresponding culture of 
strain BI employing chromatography on the anion exchange matrix 
Q-Sepharose and on an arginine-agarose affinity matrix. The mature form 
of the inducible enzyme consisted of one type of subunit with 
M(r) = 43,000 and exhibited high specificity for CGP, whereas proteins and 
synthetic polyaspartic acid were not hydrolyzed or were only marginally 
hydrolyzed. Degradation products of the enzyme reaction were 
identified as aspartic acid-arginine dipeptides (beta-Asp-Arg) by high 
performance liquid chromatography and electrospray ionization mass 
spectrometry. The corresponding gene (cphE, 1254 base pairs) was 
identified in subclones of a cosmid gene library of strain BI by 
heterologous active expression in Escherichia coli, and its nucleotide 
sequence was determined. The enzyme exhibited only 27-2 8% amino 
acid sequence identity to intracellular cyanophycinases occurring in 
cyanobacteria. Analysis of the amino acid sequence of cphE revealed a 
putative catalytic triad consisting of the motif GXSXG 
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plus a histidine and most probably a glutamate 

residue. In addition, the strong inhibition of the enzyme by 

Pefabloc ( (R) ) and phenylmethylsulf onyl fluoride indicated that the 

catalytic mechanism of CphE is related to that of serine type 

proteases. Quantitative analysis on the release of beta-Asp-Arg 

dipeptides from C- terminal labeled CGP gave evidence for an 

exo -degradation mechanism. 
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The crystal structure of an alkaline Bacillus cellulase 
catalytic core, from glucoside hydrolase family 5, reveals a 
novel combination of the catalytic machinery of two classic textbook 
enzymes. The enzyme has the expected two glutamate 

, residues in close proximity to one another in the active-site that are 
typical of retaining cellulases. However, the proton donor, 
glutamate 13 9 is also unexpectedly a member of a serine- 
histidine-glutamate catalytic triad, 

forming a novel combination of catalytic machineries. Structure and 

sequence analysis of glucoside hydrolase family 5 reveal that 

the triad is highly conserved, but with variations at the equivalent of 

the serine position. We speculate that the purpose of this 

novel catalytic triad is to control the protonation of 

the acid/base glutamate, facilitating the first step of the 

catalytic reaction, protonation of the substrate, by the proton donor 

glutamate. If correct, this will be a novel use for a 

catalytic triad. 
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The structure of aspartyl dipeptidase reveals a unique fold 
with a Ser-His-Glu catalytic triad. 
Hakansson K; Wang A H; Miller C G 
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AB The three-dimensional structure of Salmonella typhimurium aspartyl 

dipeptidase, peptidase E, was solved crystallographically and refined to 

1.2 -A resolution. The structure of this 25-kDa enzyme consists 

of two mixed beta-sheets forming a V, flanked by six alpha-helices. The 

active site contains a Ser-His-Glu catalytic triad and 

is the first example of a serine peptidase/protease with a 

glutamate in the catalytic triad. The active 

site Ser is located on a strand-helix motif reminiscent of that found in 

alpha/beta-hydrolases, but the polypeptide fold and the organization of 

the catalytic triad differ from those of the known 

serine proteases. This enzyme is a member of a family 

of serine hydrolases and appears to represent a new example of 

convergent evolution of peptidase activity. 
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AB Bacteria produce and secrete lipases, which can catalyze both the 

hydrolysis and the synthesis of long-chain acylglycerols . These reactions 
usually proceed with high regioselectivity and enantioselectivity, and, 
therefore, lipases have become very important stereoselective biocatalysts 
used in organic chemistry. High-level production of these biocatalysts 
requires the understanding of the mechanisms underlying gene expression, 
folding, and secretion. Transcription of lipase genes may be 
regulated by quorum sensing and two-component systems; secretion can 
proceed either via the Sec-dependent general secretory pathway or via ABC 
transporters. In addition, some lipases need folding catalysts such as 
the lipase-specif ic foldases and disulf ide-bond-f orming proteins 
to achieve a secretion-competent conformation. Three-dimensional 
structures of bacterial lipases were solved to understand the catalytic 
mechanism of lipase reactions. Structural characteristics 
include an alpha/beta hydrolase fold, a catalytic 
triad consisting of a nucleophilic serine located in a 
highly conserved Gly-X-Ser-X-Gly pentapeptide , and an aspartate or 
glutamate residue that is hydrogen bonded to a histidine 

Four substrate binding pockets were identified for triglycerides: an 
oxyanion hole and three pockets accommodating the fatty acids bound at 
position sn-1, sn-2, and sn-3. The differences in size and the 
hydrophilicity/hydrophobicity of these pockets determine the 
enantiopref erence of a lipase. The understanding of 

structure-function relationships will enable researchers to tailor new 
lipases for biotechnological applications. At the same time, directed 
evolution in combination with appropriate screening systems will be used 
extensively as a novel approach to develop lipases with high stability and 
enantioselectivity. 
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Mutation of the catalytic site Aspl77 to Glul77 in human 
pancreatic lipase produces an active 
lipase with increased sensitivity to proteases. 
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The catalytic mechanism for members of the lipase gene family 
incorporates a serine-histidine-acidic group triad. 

In general, the acidic group is an aspartate, Aspl77 in human pancreatic 
lipase, but glutamate is found in some lipases. 

Previously, we demonstrated that site-specific mutagenesis of Aspl77 to 

Glul77 produced a mutant human pancreatic lipase with near 

normal activity against triolein, thereby, raising questions about the 

role of Aspl77 in the catalytic triad and about the 

evolutionary pressure which selected Asp over Glu in the catalytic 

mechanism. To address these questions, we constructed and expressed 

mutants of Aspl77 and Asp2 06, another acidic residue that could 

participate in the catalytic triad. The Glul77 mutant 

had a substrate specificity, specific activity, pH profile, colipase 

dependance, and interfacial activation comparable to the native 

lipase, Aspl77. Several mutants of Asp206 were normally active, 

thus, confirming the important role of Aspl77 in pancreatic lipase 

function. Additionally, we found that the Glul77 mutant had increased 

susceptibility to proteases and to urea denaturation . These findings 

demonstrated decreased conformational stability of the mutant 

lipase and provided an explanation for the preference of aspartate 

in the catalytic triad of human pancreatic 

lipase. 
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Entered Medline: 19941129 
AB Many different bacterial species produce lipases which hydrolyze esters of 
glycerol with preferably long-chain fatty acids. They act at the 
interface generated by a hydrophobic lipid substrate in a hydrophilic 
aqueous medium. A characteristic property of lipases is called 
interfacial activation, meaning a sharp increase in lipase 
activity observed when the substrate starts to form an emulsion, thereby 
presenting to the enzyme an interfacial area. As a consequence, 
the kinetics of a lipase reaction do not follow the classical 
Michaelis-Menten model. With only a few exceptions, bacterial lipases are 
able to completely hydrolyze a triacylglycerol substrate although a 
certain preference for primary ester bonds has been observed. Numerous 
lipase assay methods are available using coloured or fluorescent 
substrates which allow spectroscopic and fluorimetric detection of 
lipase activity. Another important assay is based on titration of 
fatty acids released from the substrate. Newly developed methods allow to 
exactly determine lipase activity via controlled surface 

pressure or by means of a computer-controlled oil drop tensiometer. The 
synthesis and secretion of lipases by bacteria is influenced by a variety 
of environmental factors like ions, carbon sources, or presence of 
non-metabolizable polysaccharides. The secretion pathway is known for 
Pseudomonas lipases with P. aeruginosa lipase using a two-step 
mechanism and P. fluorescens lipase using a one-step mechanism. 
Additionally, some Pseudomonas lipases need specific chaperone-like 
proteins assisting their correct folding in the periplasm. These 
lipase-specif ic foldases (Lif -proteins) which show a high degree 
of amino acid sequence homology among different Pseudomonas species are 
coded for by genes located immediately downstream the lipase 
structural genes. A comparison of different bacterial lipases on the 
basis of primary structure revealed only very limited sequence homology. 
However, determination of the three-dimensional structure of the P. glumae 
lipase indicated that at least some of the bacterial lipases will 
presumably reveal a conserved folding pattern called the alpha/beta- 
hydrolase fold, which has been described for other microbial and 
human lipases. The catalytic site of lipases is buried inside the protein 
and contains a serine-protease-like catalytic 
triad consisting of the amino acids serine, 
histidine, and aspartate (or glutamate) . The 

Ser-residue is located in a strictly conserved beta-epsilon Ser-alpha 
motif. The active site is covered by a lid-like alpha-helical structure 
which moves away upon contact of the lipase with its substrate, 
thereby exposing hydrophobic residues at the protein's surface mediating 
the contact between protein and substrate . (ABSTRACT TRUNCATED AT 400 
WORDS) 
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Analysis of the catalytic mechanism of juvenile hormone 
esterase by site-directed mutagenesis. 
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AB 1. Juvenile hormone esterase (JHE) is a serine 

hydrolase selective for hydrolysis of the conjugated methyl esters 

of insect juvenile hormones. 2. We have investigated the mechanism of 

catalytic action of this enzyme by site-directed mutagenesis of 

the cloned enzyme and expression of the mutants in a baculovirus 

system. 3. A series of individual mutations of JHE were made to residues 

possibly involved in catalysis of juvenile hormones, and which are highly 

conserved in both esterases and lipases. 4. Mutation of the 

serine residue at position 201 to glycine (S201G) , or aspartate 

173 to asparagine (D173N) , or histidine 446 to lysine (H446K) , 

removed all detectable activity and these mutagenized enzymes were 

determined to be at least 10 (6) -fold less active than wild type JHE. 5. 

Mutation of arginine 47 to histidine (R47H) decreased but did 

not abolish activity, with Km essentially unchanged at 66 nM for R47H 

compared to 34 nM for wild type JHE. 6. The kcat for R47H was decreased 

from 103 min-1 for wild type JHE to 1 . 9 min-1. 7. In addition, 

glutamate residue 332 was altered to glutamine (E332Q) and 

expressed in an Escherichia coli system. 8. This mutation was also found 

to remove all detectable activity. 9. From the results presented in this 

study and by comparison of JHE to other serine esterases and 

lipases, we predict that JHE possesses a Ser201-His446-Glu332 

catalytic triad. 10. In addition, aspartate 173 and 

arginine 47 are essential for the efficient functioning of JHE. 
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AB The cholinesterases are serine hydrolases that show no global 

similarities in sequence with either the trypsin or the subtilisin family 
of serine proteases. The cholinesterase superfamily includes 
several esterases with distinct functions and other proteins devoid of the 
catalytic serine and known esterase activity. To identify the 
residues involved in catalysis and conferring specificity on the 
enzyme, we have expressed wild- type Torpedo acetylcholinesterase 
(EC 3.1.1.7) and several site-directed mutants in a heterologous system. 
Mutation of serine-200 to cysteine results in diminished 

activity, while its mutation to valine abolishes detectable activity. Two 

conserved histidines can be identified at positions 425 and 440 in the 

cholinesterase family; glutamine replacement at position 440 eliminates 

activity whereas the mutation at 425 reduces activity only slightly. The 

assignment of the catalytic histidine to position 440 defines a 

rank ordering of catalytic residues in cholinesterases distinct from 

trypsin and subtilisin and suggests a convergence of a catalytic 

triad to form a third, distinct family of serine 

hydrolases. Mutation of glutamate -199 to glutamine yields an 

enzyme with a higher Km and without the substrate-inhibition 

behavior characteristic of acetylcholinesterase. Hence, modification of 



the acidic amino acid adjacent to the serine influences 

substrate association and the capacity of a second substrate molecule to 
affect catalysis. 
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AB A process for producing catalytic antibodies which involves an antibody 
structure anal, step of confirming the presence of a catalytic 
triad structure wherein a serine residue, an aspartate 
residue and a histidine residue or a glutamate residue 
are located sterically or spatially close to each other in the 
stereostructure of an antibody predicted based on its amino acid sequence. 
Since the above -described catalytic triad structure is 

specific to catalytic antibodies, catalytic antibodies can be efficiently 
screened by using the same. Examples of the antibody enzyme as 
described above include catalytic antibodies against Helicobacter pylori 
urease and catalytic antibodies against human chemokine receptor CCR-5. A 
monoclonal antibody i41SLl-2 raised against the a highly conserved peptide 
sequence of complementarity detg. region- 1 (CDRL-1) of super catalytic 
antibody, 41S-2-L, which is capable of enzymically destroying the gp41 
mol. of HIV-1 envelope, was prepd. From mol. modeling, the light and 
heavy chains of the antibody were deduced to possess catalytic triads 
(Asp, His, and Ser) in their steric conformations, which may be 
responsible for the obsd. proteolytic activity. Helicobacter pylori (H. 
pyroli) causes chronic gastritis and gastric ulcer. The authors have 
established a unique monoclonal antibody which has a specificity against 
H. pyroli urease. Computer program. 
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Structure- function studies of two novel UDP-GlcNAc C6 
dehydratases/C4 reductases: Variation from the SYK 
dogma 

Creuzenet, Carole; Urbanic, Robert V.; Lam, Joseph S. 
Department of Microbiology and Immunology, University 
of Western Ontario, London, ON, N6A 5C1, Can. 



SOURCE: Journal of Biological Chemistry (2002), 277(30), 
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CODEN: JBCHA3; ISSN: 0021-9258 
PUBLISHER: American Society for Biochemistry and Molecular 

Biology 

DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Two subfamilies of UDP-GlcNAc C6 dehydratases were recently identified. 
FlaAl, a short sol. protein that exhibits a typical SYK catalytic 
triad, characterizes one of these subfamilies, and WbpM, a large 
membrane protein that harbors an altered SMK triad that was not predicted 
to sustain activity, represents the other subfamily. This study focuses 
on investigating the structure and function of these C6 dehydratases and 
the role of the altered triad as well as addnl . amino acid residues 
involved in catalysis. The significant activity retained by the FlaAl 
Y141M triad mutant and the low activity of the WbpM M438Y mutant indicated 
that the methionine residue was involved in catalysis. A Glu589 residue, 
which is conserved only within the large homologs, was shown to be 
essential for activity in WbpM. Introduction of this residue in FlaAl 
enhanced the activity of the corresponding V266E mutant. Hence, this 
glutamate residue might be responsible for the retention of 
catalytic efficiency in the large homologs despite alteration of their 
catalytic triad. Mutations of residues specific for the 
short homologs (Asp70, Aspl49-Lysl50 , Cysl03) abolished the activity of 
FlaAl. Among them, C103M prevented dimerization but did not significantly 
affect the secondary structure. The fact that we could identify 
subfamily-specific residues that are essential for catalysis suggested an 
independent evolution for each subfamily of C6 dehydratases. Finally, the 
loss of activity of the FlaAl G20A mutant provided evidence that a 
cof actor is involved in catalysis, and kinetic study of the FlaAl H86A 
mutant revealed that this conserved histidine is involved in 
substrate binding. None of the mutations investigated altered the 
substrate, product, and function specificity of these enzymes. 
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AB Screening cultures of nonpathogenic microorganisms led us to a 

glutamic-acid-specif ic endopeptidase from Bacillus subtilis ATCC 6051, 
which the authors purified and named BSase. The nucleotide sequence 
encoding BSase, with a mol . mass of 23 894 Da, completely agreed with that 
of the mpr gene, which had been reported by Rufo Jr. and Sloma et al . to 
encode a metalloprotease [J Bacteriol (1990) 172:1019-1023 and 1024-1029 
resp.]. However, enzymic characterization revealed it to have the 
catalytic triad of a serine protease and not 

the consensus sequence of a metalloprotease, and it was inhibited by 
diisopropylf luorophosphate . The authors therefore consider BSase (mpr) to 
be a serine protease. In the alignment of the 



acidic-amino-acid-specif ic proteases, the proteases from bacilli have a 
highly conserved histidine residue, which is most important in 
the histidine triad in the proteases from streptomycetes . 
Furthermore, Ca2+ was necessary for its activity and stability. BSase 
cleaved the C-terminal glutamic acid with high specificity and was very 
stable over a wide pH range. On the basis of these properties, the 
authors tried to retrieve a bioactive peptide from a fusion protein by 
sequence-specific digestion, and succeeded in obtaining the bioactive 
peptide. BSase was very useful as a tool for selective cleavage. 
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The mechanisms of action and inhibition of pancreatic 
lipase and acetylcholinesterase: A comparative 
modeling study 

Gubernator, K. ; Ammann, H. J.; Broger, C; Bur, D.; 
Doran, D. M . ; Gerber, P. R.; Muller, K. ; Schaumann, 
Th. M. 
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Pancreatic lipase and acetylcholinesterase are both 
serine esterases. Their X-ray structures reveal a similar overall 
fold, but no sequence homol . can be detected. A catalytic 
triad like in the trypsin family of serine proteases 
consisting of serine, histidine, and aspartate ( 
glutamate in acetylcholinesterase) suggests mechanistic 

similarities. Models of the transition states of the substrate cleavage 
have been built, and possible catalytic pathways were examd. The model 
that could produce a consistent pathway throughout the reactions had a 
transition state of the opposite handedness compared to trypsin. These 
models could be used to rationalize binding modes of inhibitors of both 
enzymes. The lipase inhibitor tetrahydrolipstatin (THL) 
contains a gamma-lactone which is opened by the catalytic serine 
; the ale. leaving group prohibits deacylation by locking the pathway for 
incoming water and, thus, inactivates the enzyme. Carbamate 
inhibitors of acetylcholinesterase transfer a carbamoyl group to the 
serine-OH which deacylates slowly. These observations can be used 
as a starting point for the discovery of new classes of inhibitors. 
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Human cytomegalovirus proteinase: candidate glutamic 
acid identified as third member of putative 
active-site triad 

Cox, Gregory A. ; Wakulchik, Mark; Sassmannshausen, 
Loretta M.; Gibson, Wade; Villarreal, Elcira C. 
Lilly Res. Labs., Eli Lilly and Co., Indianapolis, IN, 
46285, USA 
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AB The human cytomegalovirus (HCMV) proteinase is synthesized as a 



709-amino-acid precursor that undergoes at least three autoproteolytic 
cleavages. The mature proteinase, called assemblin, is one of the 
products of autoproteolysis and is composed of the first 256 amino acids 
of the precursor. HCMV assemblin and its homologs in other herpes group 
viruses contain five highly conserved domains (CD1 through CDS) . An 
absolutely conserved serine in CD 3 has been shown by 

site-directed mutagenesis of the simian cytomegalovirus (SCMV) and herpes 
simplex virus type 1 (HSV-1) enzymes and by inhibitor affinity labeling of 
the HSV-1 and HCMV enzymes to be the active-site nucleophile of assemblin. 
An absolutely conserved histidine in CD 2 has also been 

demonstrated by site-directed mutagenesis of the SCMV and HSV-1 enzymes to 
be essential for proteolytic activity and has been proposed to be a second 
member of the catalytic triad of this serine 

proteinase. We report here the use of site-directed mutagenesis to 
investigate the active-site amino acids of HCMV assemblin. Substitutions 
were made for the CD3 serine and CD2 histidine 

residues implicated as active- site components, and for other amino acids 
whose influence on enzyme activity was of interest. The mutant 
proteinases were tested in a transient transfection assay for their 
ability to cleave their natural substrate, the assembly protein precursor. 
Results of these expts . verified that HCMV CD 3 serine (Ser-132) 
and CD 2 histidine (His -63) are essential for proteolytic 

activity and identified a glutamic acid (Glu-122) within CD 3 that is also 
essential for proteolytic activity and may be conserved among all 
herpesvirus assemblin homologs. We suggest that CD3 Glu-122, CD3 Ser-132, 
and CD 2 His-63 constitute the active-site triad of this serine 
proteinase . 
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lipase and acetylcholinesterase: a comparative 
modeling study 

AUTHOR (S) : Gubernator, K. ; Ammann, H. J.; Broger, C; Bur, D.; 

Doran, D. M . ; Gerber, P. R.; Mueller, K. ; Schaumann, 
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AB Pancreatic lipase and acetylcholinesterase are both 

serine esterases. Their x-ray structures reveal a similar overall 
fold, but no sequence homol . can be detected. A catalytic 
triad like in the trypsin family of serine proteases 
consisting of serine, histidine and aspartate ( 
glutamate in acetylcholinesterase) suggests mechanistic 

similarities. Models of the transition states of the substrate cleavage 
have been built and possible catalytic pathways were examd. The model 
that could produce a consistent pathway throughout the reactions had a 
transition state of the opposite handedness compared to trypsin. These 
models could be used to rationalize binding modes of inhibitors of both 
enzymes. The lipase inhibitor tetrahydrolipstatin (THL) 
contains a gamma-lactone which is opened by the catalytic serine 
; the ale. leaving group prohibits deacylation by locking the pathway for 
incoming water and thus inactivates the enzyme. Carbamate 
inhibitors of acetylcholinesterase transfer a carbamoyl group to the 
serine-OH which deacylates slowly. These observations can be used 
as a starting point for the discovery of new classes of inhibitors. 
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TITLE: Lipases: three-dimensional structure and mechanism of 



action 

AUTHOR (S) : Smith, Louis C; Faustinella, Fabrizia; Chan, Lawrence 

CORPORATE SOURCE: Baylor Coll. Med., Houston, TX, 77030, USA 

SOURCE: Current Opinion in Structural Biology (1992), 2(4), 

490-6 

CODEN: COSBEF; ISSN: 0959-440X 
DOCUMENT TYPE: Journal; General Review 

LANGUAGE : Engl i sh 

AB A review with 21 refs. The high-resoln. X-ray structures of three lipases 
show that they are all .alpha. / .beta, proteins contg. a central core 
comprising: a mixed, although predominantly parallel, .beta . -pleated 
sheet; a catalytic triad of serine, 

histidine and an acidic residue (aspartate or glutamate) 

with a handedness opposite that of the serine proteases; and, a 

flexible loop or lid that prevents substrate access to the active site. 
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Identification of residues involved in catalytic 
activity and in polypeptide folding 

AUTHOR (S) : Shafferman, Avigdor; Kronman, Chanoch; Flashner, 
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al. 
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SOURCE: Journal of Biological Chemistry (1992), 267(25), 
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AB Evidence for the involvement of Ser-203, His -447, and Glu-334 in the 
catalytic triad of human acetylcholinesterase was 

provided by substitution of these amino acids by alanine residues. Of 20 
amino acid positions mutated so far in human acetylcholinesterase (AChE) , 
these three were unique in abolishing detectable enzymic activity (less 
than 0.0003 of wild type), yet allowing proper prodn., folding, and 
secretion. This is the first biochem. evidence for the involvement of a 
glutamate in a hydrolase triad (Schrag, J. D. et al . , 
1991) , supporting the x-ray crystal structure data of the Torpedo 
californica acetylcholinesterase (Sussman, J. L. et al . , 1991). Attempts 
to convert the AChE triad into a Cys-His-Glu or Ser-His-Asp configuration 
by site-directed mutagenesis did not yield effective AChE activity. 
Another type of substitution, that of Asp- 74 by Gly or Asn, generated an 
active enzyme with increased resistance to succinylcholine and 
dibucaine, thus mimicking in an AChE mol . the phenotype of the atypical 
butyrylcholinesterase natural variant (D70G mutation) . Mutations of other 
carboxylic residues Glu-84, Asp-95, Asp-333, and Asp-349, all conserved 
among cholinesterases , did not result in detectable alteration in the 
recombinant AChE, although polypeptide productivity of the D95N mutant was 
considerably lower. In contrast, complete absence of secreted human AChE 
polypeptide was obsd. when Asp-175 or Asp-404 were substituted by Asn. 
These two aspartates are conserved in the entire 
cholinesterase/thyroglobulin family and appear to play a role in 
generating and/or maintaining the folded state of the polypeptide. The 
x-ray structure of the Torpedo acetylcholinesterase supports this 
assumption by revealing the participation of these residues in salt 
bridges between neighboring secondary structure elements. 
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CORPORATE SOURCE: Med. Coll. Virginia, Virginia Commonw. Univ., 

Richmond, VA, 23298, USA 
SOURCE: Journal of Clinical Investigation (1989), 84(4), 

1188-95 
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AB The amino acid sequence of human mast cell tryptase was detd. from 

corresponding cDNA cloned from a phage .lambda. ZAP library made with mRNA 
derived from a human mast cell prepn. Tryptase is the major neutral 
protease present in human mast cells and serves as a specific marker of 
mast cells by immunohistol . techniques and as a specific marker of mast 
cells by immunohistol. techniques and as a specific indicator of mast cell 
activation when detected in biol. fluids. Based on nucleic acid sequence, 
human tryptase consists of a 244-amino acid catalytic portion of 27,423 
daltons with 2 putative N-linked carbohydrate binding sites and a 30-amino 
acid leader sequence of 3048 daltons. A histidine-74 , aspartate 
(Asp) -120, serine-223 catalytic triad and 4 
cystine groups were identified by analogy to other serine 
proteases . Regions of amino acid sequence that were highly conserved in 
serine proteases, in general, were conserved in tryptase. The 
catalytic portion of human tryptase had an 84% amino acid sequence 
similarity with that of dog tryptase; their leader sequences had a 67% 
similarity. Asp-217 in the substrate binding pocket of human tryptase was 
consistent with a specificity for arginine (Arg) or lysine (Lys) residues 
at the site of cleavage (PI) , whereas glut amate- 245 was 

consistent with the known preference of human tryptase for substrates with 
Arg or Lys also at P3 , analogous residues also being present in dog 
tryptase. Asp-224, which is substituted for the glycine found in dog 
tryptase and in most serine proteases, was present in the 
putative substrate binding pocket and may confer addnl . substrate 
specificity on human tryptase for basic residues. 
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AB Evidence is presented, based on sequence comparison and secondary 

structure prediction, of a structural and evolutionary relation between 

chymotrypsin-like serine proteases, cysteine proteases of 

pos. -strand RNA viruses (3C proteases of picornaviruses and related 

enzymes of como-, nepo- and potyviruses) , and putative serine 

protease of a sobemovirus. These observations lead to reidentif ication of 

the principal catalytic residues of viral proteases. Instead of the pair 

cysteine and histidine, both located in the C- terminal part of 

3C proteases, a triad of conserved histidine, aspartate ( 

glutamate) , and cysteine (serine) residues has been 

identified, the 1st 2 residues resident in the N- terminus, and cysteine in 
the C-terminal .beta . -barrel domain. These residues are suggested to form 
a charge-transfer system similar to that formed by the catalytic 
triad of chymotrypsin-like proteases. Based on the structural 



analogy with chymotrypsin-like proteases, the histidine residue 
previously implicated in catalysis, together with 2 partially conserved 
glycine residues, is predicted to constitute part of the substrate-binding 
pocket of 3C proteases. A partially conserved threonine -lysine/arginine 
dipeptide located in the loop preceding the catalytic cysteine is 
suggested to confer the primary cleavage specificity of 3C toward 
glutamine/glycine (serine) sites. These observations provide 
the 1st example of relatedness between proteases belonging, by definition, 
to different classes. 
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AB Arginine-302, histidine (His) -322, and glutamate 

(Glu)-325, neighboring residues in putative helixes IX and X of the lac 
permease (lacY gene product) of Escherichia coli, play an important role 
in lactose/H+ symport, possibly as components of a catalytic 
triad similar to that postulated for the serine 

proteases (Kaback, H. R. , (1987). Using restriction fragments of lacY 
genes harboring specific site-directed mutations, a fusion gene was 
constructed that encodes a permease in which His-35 and His-39 are 
replaced with arginine and His -205 with glutamine (RQHE permease) . The 
resultant mol. contains 1 His residue, at position 322, and exhibits all 
of the properties of the wild-type permease. In addn. , an analogous 
single-His permease was engineered with alanine in place of Glu-325 (RQHA 
permease) . This construct is defective in active transport but normally 
catalyzes exchange and counterflow. RQHA permease, like the single-His 
permease with Glu-325, also shows normal behavior with respect to 
N-ethylmaleimide inactivation, substrate protection, and binding. In 
addn. to providing strong support for previous expts . , the engineered 
permease mols. should be useful for detg. the apparent pK of His-322 under 
various conditions. 
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Bacteria produce lipases, which can catalyze 
synthesis of long chain triglycerides. These 

with high regioselectivity and enantioselectivity , and, therefore, 
have become very important biocatalysts used in organic chemistry. 
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SOURCE : 



COUNTRY : 
DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE : 
SUMMARY LANGUAGE 
AB 



both the hydrolysis and the 
reactions usually proceed 

lipases 
3D 



lipase structures were solved from several bacterial lipases. They 

have an . alpha ./ .beta . hydrolase fold and a catalytic 

triad consisting of a nucleophilic serine, and an 

aspartate or glutamate residue that is hydrogen bonded to a 

histindine. Active sites are covered with . alpha. -helical lid structure, 

of which movement is involved in the enzyme's activation at oil/ 

water interface. Four substrate binding pockets were identified for 

triglycerides: an oxyanion hole and three pockets accommodating the fatty 

acids bound at positions sn-1, sn-2, and sn-3. These pockets determine the 

enantiopref erence of a lipase. The understanding of 

structure-function relationships as well as the development of molecular 
evolution techniques will enable researchers to tailor new lipases for 
biotechnological applications. 
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AB DERWENT ABSTRACT: 

NOVELTY - Producing (M) a modified target enzyme with an 
altered performance profile (PP) , by analyzing a target enzyme 
(I) to identify one or more regions or amino acid residues (R) in (I) for 
modification, modifying (R) to introduce a catalytic 
triad of cellulase 103 comprising residues Ser227, 

His200 and a proton donor, in (I) , and selecting a modified (I) having 
altered PP as compared to (I) , is new. 

DETAILED DESCRIPTION - Producing (M) a modified target 
enzyme with an altered performance profile (PP) involves 
providing (I) , analyzing (I) to identify (R) in (I) for modification, 
modifying (R) so as to introduce a catalytic triad in 
the target enzyme, and selecting a modified target 
enzyme having an altered performance profile as compared to (I) . 
The catalytic triad (CT) includes a first member 

comprising an amino acid residue or chemical group which acts as a proton 
donor (equivalent to Glul239in Bacillus cellulase 103 sequence 
(SI)), a second member which is equivalent to histidine 200 in 
the sequence of Bacillus cellulase 103 (sequence (SI) 

comprising 467 amino acids fully defined in the specification) , and a 
third member which is an equivalent to serine 22 7 in the 
sequence of Bacillus cellulase 103 or a water molecule which 
functions in acid/base catalysis. Alternatively, the method involves 
providing (I) , analyzing (I) to identify (R) for modification so as to 
introduce a CT, genetically modifying a DNA encoding (R) so as to create 
a library of modified (I) having mutations, and selecting a modified (I) 
from the library having an altered performing profile as compared to (I) . 
INDEPENDENT CLAIMS are also included for the following: (1) a library of 
modified target enzymes produced by (M) ; (2) an isolated target 
enzyme (la) comprising a polypeptide genetically modified to 
comprise CT; (3) a nucleic acid molecule (II) comprising a DNA encoding 
(la) ; (4) a vector (III) comprising (II) ; (5) a host cell (IV) comprising 



(Ill) ; (6) making (la) ; (7) a modified target enzyme produced 
by the method of (6); (8) a detergent comprising (la); and (9) a 
composition comprising (la) and a carrier. 

BIOTECHNOLOGY - Preparation: (la) is obtained by culturing (IV) (a 
prokaryotic cell) transformed with a replicable expression vector 
comprising the DNA encoding a modified target enzyme and 
operably linked to a control sequence capable of effecting expression of 
the modified target enzyme in the host cell, and recovering 
and/or purifying the expressed modified target enzyme 

(claimed) . Preferred Method: The first and second and third members of CT 
includes amino acid residues equivalent to Glnl3 9, His2 00 and Ser22 7, 
respectively, in the sequence of Bacillus cellulase 103 (SI) . 
The first member of CT is preferably Glu or Asp, and third member is Ser, 
Thr or Asp. (I) is a cellulase or hydrolase. The 

altered performance profile is altered pH profile, where (I) has an 
acidic pH profile and the modified (I) has an alkaline pH profile. (M) 
further involves providing DNA encoding the selected modified target 
enzyme in a vector, and expressing the DNA so as to produce the 
selected modified target enzyme. 

USE - (M) is useful for producing a modified target enzyme 
having an altered performance profile (claimed) . 

ADVANTAGE - The modified target enzyme having the 
catalytic triad efficiently hydrolyses 
cellulase under alkaline conditions. 

EXAMPLE - To analyze the sequence and structure of cellulase 
103, an EcoRI-Xbal restriction enzyme fragment from pUCAPRI03 
containing the complete BCE103 coding sequence was ligated into 
EcoRI-Xbal digested pBS42T vector to generate pBS4ST103 . BCE103 had two 
repeated C- terminal cellulase binding domains. A plasmid 
encoding the BCE103 catalytic core was generated from pBS42T103 by 
inverse polymerase chain reaction (PCR) using the primers 

TAAACTATATAATTGATAAAAATTTACTAATGAGA and TGGCGGAATAGATGCTGATTCTCTTATTTTTTC 
CCto generate the plasmid pCORE3 . The protein sequence encoded by pC0RE3 
comprised 308 amino acids fully defined in the specification. pCORE3 was 
transformed into Bacillus subtilis BG3934. The secreted BCE103 catalytic 
core sequence was then recovered from B. subtilis cultures. The catalytic 
core sequence of cellulase 103 was crystallized in 0.5-1.0M 
ammonium sulfate in 200mM sodium cacodylate pH 5.5-7.0. Reflections were 
recorded with a R-axis II image plate utilizing CuKalpha radiation from 
RU200B rotating anode, and reduced to structure factor amplitudes using 
programs distributed with the data collection system. Data were scaled 
together, and difference Patterson and difference Fourier maps were 
calculated using Xtalview. The heavy atom positions of 5 derivatives were 
determined by inspection of difference Patterson maps and placed in a 
common co-ordinate frame using derivative anomalous scattering. 
Subsequent maximum likelihood heavy-atom refinement and phasing was 
performed with SHARP, and the resultant phases improved further by 
solvent flipping in SOLOMON. The resultant electron density maps were of 
excellent quality, and unambiguous chain trace was obtained with Xautofit 
and refined using Xplor3 . 1 . Water molecules were added using Xsolvate. 
The acid/base catalyst in cellulase 103 was postulated to be 
glutamate 139 and the nucleophile to be glutamate 228. 

The two carboxylate groups were approximately 5.0 Angstrom apart, which 
was consistent with an enzyme hydrolyzing the 

beta-1 , 4-glycosidic bond through a double displacement mechanism, with a 
glucosyl enzyme intermediate, which retained the anomeric 
configuration in the product. Adjacent to glutamate 13 9, was 
histidine 200, between which there was a short 1.63 Angstrom 
hydrogen bond. Also in close proximity to histidine 2 00, was 
serine 227, with a hydrogen bond of 2.77 Angstrom. The three 
hydrogen-bonded residues, Glul39, His200 and Ser227 were identified as a 
functioning catalytic triad in cellulase 
103. (47 pages) 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Pancreatic lipase and acetylcholinesterase are both 

serine esterases. Their X-ray structures reveal a similar overall 

fold, but no sequence homology can be detected. A catalytic 

triad like in the trypsin family of serine proteases 

consisting of serine, histidine and aspartate ( 

glutamate in acetylcholinesterase) suggests mechanistic 

similarities. Models of the transition states of the substrate cleavage 

have been built and possible catalytic pathways were examined. The model 

that could produce a consistent pathway throughout the reactions had a 

transition state of the opposite handedness compared to trypsin. These 

models could be used to rationalise binding modes of inhibitors of both 

enzymes. The lipase inhibitor tetrahydrolipstatin (THL) contains 

a gamma-lactone which is opened by the catalytic serine; the 

alcohol leaving group prohibits deacylation by locking the pathway for 

incoming water and thus inactivates the enzyme. Carbamate 

inhibitors of acetylcholinesterase transfer a carbamoyl group to the 

serine-OH which deacylates slowly. These observations can be used 

as a starting point for the discovery of new classes of inhibitors. 
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Characterization of active-site residues of the NIa 
protease from tobacco vein mottling virus. 
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Nuclear inclusion a (NIa) protease of tobacco vein mottling virus is 
responsible for the processing of the viral polyprotein into functional 
proteins. In order to identify the active-site residues of the TVMV NIa 
protease, the putative active-site residues, His-46, Asp-81 and Cys-151, 
were mutated individually to generate H46R, H46A, D81E, D81N, C151S, and 
C151A, and their mutational effects on the proteolytic activities were 
examined. Proteolytic activity was completely abolished by the mutations 
of H46R, H46A, D81N, and C151A, suggesting that the three residues are 
crucial for catalysis. The mutation of D81E decreased kcat 
marginally by about 4.7-fold and increased Km by about 8-fold, suggesting 
that the aspartic acid at position 81 is important for substrate binding 
but can be substituted by glutamate without any significant 
decrease in catalysis. The replacement of Cys-151 by Ser to mimic the 
catalytic triad of chymotrypsin-like serine 

protease resulted in the drastic decrease in kcat by about 1,260-fold. 
This result might be due to the difference of the active-site geometry 
between the NIa protease and chymotrypsin . The protease exhibited a 
bell-shaped pH-dependent profile with a maximum activity approximately at 
pH 8.3 and with the abrupt changes at the respective pKa values of 
approximately 6.6 and 9.2, implying the involvement of a histidine 
residue in catalysis. Taken together, these results demonstrate that the 
three residues, His-46, Asp-81, and Cys-151, play a crucial role in 
catalysis of the TVMV NIa protease. 
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AB The catalytic mechanism for members of the lipase gene family incorporates 
a serine-histidine-acidic group triad. In general, 

the acidic group is an aspartate, Aspl77 in human pancreatic lipase, but 
glutamate is found in some lipases. Previously, we demonstrated 
that site-specific mutagenesis of Aspl77 to Glul77 produced a mutant human 
pancreatic lipase with near normal activity against triolein, thereby, 
raising questions about the role of Aspl77 in the catalytic 
triad and about the evolutionary pressure which selected Asp over 
Glu in the catalytic mechanism. To address these questions, we 
constructed and expressed mutants of Aspl77 and Asp206, another acidic 
residue that could participate in the catalytic triad. 
The Glul77 mutant had a substrate specificity, specific activity, pH 
profile, colipase dependance, and interfacial activation comparable to the 
native lipase, Aspl77. Several mutants of Asp206 were normally active, 
thus, confirming the important role of Aspl77 in pancreatic lipase 
function. Additionally, we found that the Glul77 mutant had increased 
susceptibility to proteases and to urea denaturation . These findings 
demonstrated decreased conformational stability of the mutant lipase and 
provided an explanation for the preference of aspartate in the 
catalytic triad of human pancreatic lipase. 
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SOURCE: International journal of biochemistry, (1992 Dec) 24 (12) 

1933-41. 

Journal code: 0250365. ISSN: 0020-711X. 
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FILE SEGMENT: Priority Journals 
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ENTRY DATE: Entered STN: 19930219 
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AB 1. Juvenile hormone esterase (JHE) is a serine hydrolase 

selective for hydrolysis of the conjugated methyl esters of insect 
juvenile hormones. 2. We have investigated the mechanism of catalytic 
action of this enzyme by site-directed mutagenesis of the cloned enzyme 
and expression of the mutants in a baculovirus system. 3. A series of 
individual mutations of JHE were made to residues possibly involved in 
catalysis of juvenile hormones, and which are highly conserved in both 
esterases and lipases. 4. Mutation of the serine 

residue at position 201 to glycine (S201G) , or aspartate 173 to asparagine 
(D173N) , or histidine 446 to lysine (H446K) , removed all 

detectable activity and these mutagenized enzymes were determined to be at 

least 10 (6) -fold less active than wild type JHE. 5. Mutation of 

arginine 47 to histidine (R47H) decreased but did not abolish 

activity, with Km essentially unchanged at 66 nM for R47H compared to 34 

nM for wild type JHE. 6. The kcat for R47H was decreased from 103 min-1 

for wild type JHE to 1 . 9 min-1. 7. In addition, glutamate 

residue 332 was altered to glutamine (E332Q) and expressed in an 

Escherichia coli system. 8. This mutation was also found to 

remove all detectable activity. 9. From the results presented in this 

study and by comparison of JHE to other serine esterases and 



lipases, we predict that JHE possesses a Ser201-His446-Glu332 

catalytic triad. 10. In addition, aspartate 173 and 

arginine 47 are essential for the efficient functioning of JHE. 
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The cholinesterases are serine hydrolases that show no global 
similarities in sequence with either the trypsin or the subtilisin family 
of serine proteases. The cholinesterase superfamily includes 
several esterases with distinct functions and other proteins devoid of the 
catalytic serine and known esterase activity. To identify the 
residues involved in catalysis and conferring specificity on the enzyme, 
we have expressed wild-type Torpedo acetylcholinesterase (EC 3.1.1.7) and 
several site-directed mutants in a heterologous system. Mutation 
of serine-2 00 to cysteine results in diminished activity, while 
its mutation to valine abolishes detectable activity. Two 
conserved histidines can be identified at positions 425 and 440 in the 
cholinesterase family; glutamine replacement at position 440 eliminates 
activity whereas the mutation at 425 reduces activity only 
slightly. The assignment of the catalytic histidine to position 
440 defines a rank ordering of catalytic residues in cholinesterases 
distinct from trypsin and subtilisin and suggests a convergence of a 
catalytic triad to form a third, distinct family of 
serine hydrolases. Mutation of glutamate-199 

to glutamine yields an enzyme with a higher Km and without the 
substrate-inhibition behavior characteristic of acetylcholinesterase. 
Hence, modification of the acidic amino acid adjacent to the 
serine influences substrate association and the capacity of a 
second substrate molecule to affect catalysis. 
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AB Evidence for the involvement of Ser-203, His-447, and Glu-334 in the 
catalytic triad of human acetylcholinesterase was 

provided by substitution of these amino acids by alanine residues. Of 20 
amino acid positions mutated so far in human acetylcholinesterase (AChE) , 
these three were unique in abolishing detectable enzymic activity (less 
than 0.0003 of wild type), yet allowing proper prodn. , folding, and 
secretion. This is the first biochem. evidence for the involvement of a 
glutamate in a hydrolase triad (Schrag, J. D. et al . , 1991), 
supporting the x-ray crystal structure data of the Torpedo californica 
acetylcholinesterase (Sussman, J. L. et al., 1991). Attempts to convert 
the AChE triad into a Cys-His-Glu or Ser-His-Asp configuration by 
site-directed mutagenesis did not yield effective AChE activity. Another 
type of substitution, that of Asp-74 by Gly or Asn, generated an active 
enzyme with increased resistance to succinylcholine and dibucaine, thus 
mimicking in an AChE mol . the phenotype of the atypical 
butyrylcholinesterase natural variant (D70G mutation) . 
Mutations of other carboxylic residues Glu-84, Asp-95, Asp-333, and 
Asp-349, all conserved among cholinesterases , did not result in detectable 
alteration in the recombinant AChE, although polypeptide productivity of 
the D95N mutant was considerably lower. In contrast, complete absence of 
secreted human AChE polypeptide was obsd. when Asp-175 or Asp-404 were 
substituted by Asn. These two aspartates are conserved in the entire 
cholinesterase/thyroglobulin family and appear to play a role in 
generating and/or maintaining the folded state of the polypeptide. The 
x-ray structure of the Torpedo acetylcholinesterase supports this 
assumption by revealing the participation of these residues in salt 
bridges between neighboring secondary structure elements . 
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AB Arginine-302 , histidine (His) -322, and glutamate 

(Glu)-325, neighboring residues in putative helixes IX and X of the lac 
permease (lacY gene product) of Escherichia coli, play an important role 
in lactose/H+ symport, possibly as components of a catalytic 
triad similar to that postulated for the serine 

proteases (Kaback, H. R., (1987). Using restriction fragments of lacY 
genes harboring specific site-directed mutations, a fusion gene was 
constructed that encodes a permease in which His-35 and His-39 are 
replaced with arginine and His-205 with glutamine (RQHE permease) . The 
resultant mol. contains 1 His residue, at position 322, and exhibits all 
of the properties of the wild-type permease. In addn., an analogous 
single-His permease was engineered with alanine in place of Glu-325 (RQHA 
permease) . This construct is defective in active transport but normally 
catalyzes exchange and counterflow. RQHA permease, like the single-His 
permease with Glu-325, also shows normal behavior with respect to 
N-ethylmaleimide inactivation, substrate protection, and binding. In 
addn. to providing strong support for previous expts., the engineered 
permease mols. should be useful for detg. the apparent pK of His-322 under 
various conditions. 
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AB DERWENT ABSTRACT: 

NOVELTY - Producing (M) a modified target enzyme with an 

altered performance profile (PP) , by analyzing a target enzyme (I) to 

identify one or more regions or amino acid residues (R) in (I) for 

modification, modifying (R) to introduce a catalytic 

triad of cellulase 103 comprising residues Ser227, His200 and a 

proton donor, in (I) , and selecting a modified (I) having 

altered PP as compared to (I) , is new. 

DETAILED DESCRIPTION - Producing (M) a modified target 
enzyme with an altered performance profile (PP) involves providing (I) , 
analyzing (I) to identify (R) in (I) for modification, 
modifying (R) so as to introduce a catalytic triad in 
the target enzyme, and selecting a modified target enzyme 
having an altered performance profile as compared to (I) . The 
catalytic triad (CT) includes a first member comprising 
an amino acid residue or chemical group which acts as a proton donor 
(equivalent to Glul239in Bacillus cellulase 103 sequence (SI)), a second 
member which is equivalent to histidine 200 in the sequence of 
Bacillus cellulase 103 (sequence (SI) comprising 467 amino acids fully 
defined in the specification) , and a third member which is an equivalent 
to serine 227 in the sequence of Bacillus cellulase 103 or a 
water molecule which functions in acid/base catalysis. Alternatively, the 
method involves providing (I) , analyzing (I) to identify (R) for 
modification so as to introduce a CT, genetically modifying a DNA 
encoding (R) so as to create a library of modified (I) having 
mutations, and selecting a modified (I) from the library having 
an altered performing profile as compared to (I) . INDEPENDENT CLAIMS are 
also included for the following: (1) a library of modified 
target enzymes produced by (M) ; (2) an isolated target enzyme (la) 
comprising a polypeptide genetically modified to comprise CT; 
(3) a nucleic acid molecule (II) comprising a DNA encoding (la) ; (4) a 
vector (III) comprising (II); (5) a host cell (IV) comprising (III); (6) 
making (la) ; (7) a modified target enzyme produced by the 
method of (6) ; (8) a detergent comprising (la) ; and (9) a composition 
comprising (la) and a carrier. 

BIOTECHNOLOGY - Preparation: (la) is obtained by culturing (IV) (a 
prokaryotic cell) transformed with a replicable expression vector 
comprising the DNA encoding a modified target enzyme and 
operably linked to a control sequence capable of effecting expression of 
the modified target enzyme in the host cell, and recovering 
and/or purifying the expressed modified target enzyme 

(claimed) . Preferred Method: The first and second and third members of CT 
includes amino acid residues equivalent to Glnl39, His200 and Ser227 # 
respectively, in the sequence of Bacillus cellulase 103 (SI) . The first 
member of CT is preferably Glu or Asp, and third member is Ser, Thr or 
Asp. (I) is a cellulase or hydrolase. The altered performance profile is 
altered pH profile, where (I) has an acidic pH profile and the 
modified (I) has an alkaline pH profile. (M) further involves 
providing DNA encoding the selected modified target enzyme in a 
vector, and expressing the DNA so as to produce the selected 
modified target enzyme. 



USE - (M) is useful for producing a modified target enzyme 
having an altered performance profile (claimed) . 

ADVANTAGE - The modified target enzyme having the 
catalytic triad efficiently hydrolyses cellulase under 
alkaline conditions . 

EXAMPLE - To analyze the sequence and structure of cellulase 103, an 
EcoRI-Xbal restriction enzyme fragment from pUCAPRI03 containing the 
complete BCE103 coding sequence was ligated into EcoRI-Xbal digested 
pBS42T vector to generate pBS4ST103 . BCE103 had two repeated C-terminal 
cellulase binding domains. A plasmid encoding the BCE103 catalytic core 
was generated from pBS42T103 by inverse polymerase chain reaction (PCR) 
using the primers TAAACTATATAATTGATAAAAATTTACTAATGAGA and 
TGGCGGAATAGATGCTGATTCTCTTATTTTTTCCCto generate the plasmid pCORE3 . The 
protein sequence encoded by pC0RE3 comprised 308 amino acids fully 
defined in the specification. pCORE3 was transformed into Bacillus 
subtilis BG3934. The secreted BCE103 catalytic core sequence was then 
recovered from B. subtilis cultures. The catalytic core sequence of 
cellulase 103 was crystallized in 0.5-1. 0M ammonium sulfate in 200mM 
sodium cacodylate pH 5.5-7.0. Reflections were recorded with a R-axis II 
image plate utilizing CuKalpha radiation from RU200B rotating anode, and 
reduced to structure factor amplitudes using programs distributed with 
the data collection system. Data were scaled together, and difference 
Patterson and difference Fourier maps were calculated using Xtalview. The 
heavy atom positions of 5 derivatives were determined by inspection of 
difference Patterson maps and placed in a common co-ordinate frame using 
derivative anomalous scattering. Subsequent maximum likelihood heavy-atom 
refinement and phasing was performed with SHARP, and the resultant phases 
improved further by solvent flipping in SOLOMON. The resultant electron 
density maps were of excellent quality, and unambiguous chain trace was 
obtained with Xautofit and refined using Xplor3.1. Water molecules were 
added using Xsolvate. The acid/base catalyst in cellulase 103 was 
postulated to be glutamate 13 9 and the nucleophile to be 
glutamate 228. The two carboxylate groups were approximately 5.0 
Angstrom apart, which was consistent with an enzyme hydrolyzing the 
beta-1, 4-glycosidic bond through a double displacement mechanism, with a 
glucosyl enzyme intermediate, which retained the anomeric configuration 
in the product. Adjacent to glutamate 13 9, was 
histidine 200, between which there was a short 1.63 Angstrom 
hydrogen bond. Also in close proximity to histidine 200, was 
serine 227, with a hydrogen bond of 2.77 Angstrom. The three 
hydrogen -bonded residues, Glul39, His200 and Ser227 were identified as a 
functioning catalytic triad in cellulase 103. (47 
pages) 
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